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Abstract

Malachite green is a known teratogen and therefore its use is limited
to nonfood fish under an Investigational New Animal Drug permit (INAD),
number 2573. Although a charcoal adsorption column was developed to remove
malachite green from hatchery water, INAD compliance requires that the
malachite green residue concentrations in any effluent from hatcheries using
the chemical be quantified. Therefore, we developed a method for the
analysis of malachite green residues in water.

Enrichment of the residues of malachite green in water on a diol column
followed by High Performance Liquid Chromatographic (HPLC) analysis gives a
minimum sensitivity of less than 10 ppb for the chemical. When combined
with post-column oxidation using a lead oxide post-column reactor, the
procedure can be used for the simultaneous analysis of malachite green in
its leuco form, a decomposition product of the dye, as well as its chromatic

form. Recovery of the leuco form is pH dependent and water samples should
be adjusted to pH 6 to optimize recovery of this form. Water samples spiked
with malachite green were concentrated on a diol column followed by elution
with 0.05 M p-toluene sulfonic acid in methanol. The methanol elutes were
analyzed by HPLC. Pond water samples spiked with malachite green and leuco
malachite green yielded average recoveries of 95.4% for malachite green and
57.3% for leuco malachite green. Tap water samples spiked with the carbinol
form of malachite green gave average recoveries of 98.6%. The method is
very sensitive and is capable of detecting malachite green residues in water
at less than 10 ppb.

Fish culturists, who cannot find an effective replacement for malachite
green, can utilize the method to ensure that their effluents comply with
INAD regulations.
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Introduction

Malachite green is undoubtedly the most effective antifungal agent used
in aquaculture. Due to potential health risks, the use of malachite green
is currently limited to the treatment of nonfood fish under an
Investigational New Animal Drug Application (INAD). Methods for
determination of trace amounts of malachite green in hatchery water are
needed to maintain the INAD. The methods of analysis must be capable of
detecting malachite green and the breakdown products of the chemical. The
two major breakdown products of malachite green are carbinol and leuco
malachite green, both of which are colorless and therefore more difficult to
detect. The carbinol form is an acid-base equilibrium product of malachite
green in water. The leuco form is a reduction product of malachite green.
The methods must also detect the parent chemical, malachite green, which is
referred to as the chromatic or quinoidal form (Fig. 1).
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Figure 1. Malachite green and the colorless forms which may be found in
treated hatchery waters.

Description of the Project Area

Control of fungal diseases on adult salmon and on incubating eggs is
critical to the successful production of fingerling salmon. Malachite green
is very effective for this. The U.S. Food and Drug Administration, however,
requires data showing that only negligible amounts of malachite green are
discharged from state and federal fish hatcheries. Under the INAD #2573,
selected state and federal hatcheries are permitted to use malachite green
if they can show little or no release in the hatchery effluent. The level
must be low enough to satisfy regulatory concerns. The development of a
method for the analysis of trace amounts of malachite green and its related
products is necessary for maintaining the INAD.
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Methods and Materials

I Objective 1: Identify and test existing analytical methods for
measuring malachite green analogs in water. I

Task 1.1 Survey published literature for reported analytical methods.

A computerized search of the literature on analytical methods for
triphenylmethane dyes was conducted using DIALOG. The literature on the use
of malachite green in fisheries by Nelson (1974) was reviewed.

Task 1.2 Test each of the analytical approaches found in the
literature, using known concentrations of each of the three
malachite green analogs (vernal, carbinol, and leuco forms)
to determine a statistically based recovery efficiency for
each analytical approach.

,

Spectrophotometric Analysis

Spectrophotometric methods have been used for analysis of malachite
green (vernal or chromatic form) because of the high absorbance of the
chemical in the visible (618 nm) region of the spectrum.

Hish Performance Liquid Chromatoaraohv

High Performance Liquid Chromatography (HPLC) with a reverse-phase C,,
column was investigated as a sensitive method to detect malachite green.
Three mobile phases were evaluated. The first mobile phase consisted of
various proportions of methanol and water. The second mobile phase
consisted of various proportions of acetonitrile and water. Both mobile
phases contained 0.05 M p-toluene sulfonic acid (TSA) as a counter ion. The
third mobile phase consisted of an acetate buffer (about pH 4) in water
mixed with different proportions of methanol.

Objective 2: Develop an original method that will detect all three forms
of malachite green in distilled water with a detection limit
of 10 ppb or less for each form and 10 ppb or less for
"total malachite green."

Task 2.1 Evaluate High Performance Liquid Chromatographic methods
for the detection of malachite green forms. Explore various
methods of sample cleanup, extraction, and detectors.

4



HPLC with a reverse-phase C
malachite green residues.

column was used for the detection of the
A mob!?e phase of 15% buffer (0.05 M sodium

acetate and 0.1 M acetic acid in water) and 85% methanol at a flow rate of
2.0 mL/min was used for the HPLC solvent system. A lead oxide post-column
oxidation reactor was used to oxidize leuco malachite green to the visual
chromatic form. This system efficiently separates the malachite green and
leuco malachite green peaks and both can be detected spectrophotometrically
at 618 nm.

Recovery studies for malachite green were carried out in well water
from the La Crosse National Fisheries Research Center (NFLX). Fifty-mL
water samples spiked with 10.0 ppb each leuco malachite green and malachite
green were aspirated through Baker 10 Diol extraction columns using low
vacuum.
p-toluene

The residues were eluted from the column with 2.0 mL of 0.05 M
sulfonic acid in methanol.

using a C,,
The samples were analyzed by HPLC

column with a mobile phase of 15% buffer and 85% methanol at a
flow rate of 2.0 mL/min.
545 was placed between

A reaction chamber containing 1 0 % PbO in Celite
the column and the spectrophotometric detector to

oxidize the leuco form of malachite green to the chromatic form for
detection at 618 nm. Standards of leuco malachite green and malachite green
were prepared in mobile phase from methanol stock solutions of the
chemicals.

Task 2.2 Determine limits of recovery and detection for each of
the malachite forms and for "total malachite green."

Minimum limits of detection for malachite green and leuco malachite
green in water were determined by the EPA method (U.S. Environmental
Protection Agency, Federal Register, 49 [1984] 198). A 500-mL stock
solution of 25.0 ppb each malachite green and leuco malachite green in well
water was prepared. Seven 50.0-mL replicates from the sample stock were
concentrated on the Baker 10 Diol column and analyzed using the HPLC method.
The results of the analysis of the seven replicates were used to compute the
minimum limits of detection for malachite green and leuco malachite green.

I Task 2.3 If HPLC methods are not successful, repeat Tasks 2.1 and
2.2 using polarographic approaches.

HPLC appears to be the method of choice for the simultaneous analysis
of the vernal (chromatic) and leuco form of malachite green.

I Objective 3: Develop techniques to ensure the sensitivity and reliability
of detection of 10 parts per billion or less in waters of a
variety of water chemistries. I

5



Task 3.1 Develop techniques to concentrate all three forms of
malachite green from water and to extract them from the
filter medium.

Well water samples (pH 8.0) were spiked with 50.0 ppb of malachite
green oxalate, leuco malachite green, and carbinol. The water samples were
concentrated using the Baker 10 Diol columns and analyzed using the HPLC
procedure developed in Task 2.1.

Task 3.2 Develop means to convert all three chemical forms to a
common form so that the total malachite green present can
be determined by the method(s) developed in Objective 2.

HPLC analysis detects the chromatic form of malachite green at 618 nm.
Oxidation of leuco malachite green to the chromatic form for detection in
the visible region of the spectrum was accomplished using a post-column
reactor containing 1 0 % (weight/weight) PbO, in Celite 545. The leuco
malachite green is rapidly converted to the chromatic form in the
post-column oxidation reactor and is detected at 618 nm with a
spectrophotometric detector. The conversion of the carbinol form to the
chromatic form is readily accomplished when 0.05 M p-toluene sulfonic acid
in methanol comes into contact with the carbinol during elution from the
diol column.

Task 3.3 Determine sensitivity and reliability of the analytical
methods for malachite green in waters of pH 6.0, 7.0, and
8.0.

Deionized water samples were buffered to pH 6.0, 7.0, and 9.0 with
1.0 M NaOH and KH,PO .

k
The well water samples were pH 8.0. The water

samples at various p s were spiked with 50.0 ppb of malachite green and
leuco malachite green. Fifty-mL aliquots of the samples were concentrated
on the Baker 10 Diol columns and the column eluates were analyzed using the
HPLC procedure.

Objective 4: Determine if the developed method will accurately detect
levels of malachite green at 10 ppb or less in actual
hatchery effluents that contain feces, debris, biota, and
metabolites.



Task 4.1 Develop protocols for collecting, preserving, and shipping
water samples. Samples shall be collected from treated
hatchery water ahead of the carbon filter and in the
effluent from the filter.

Samples collected from a pond, tank, raceway, or hatchery effluent
should be placed in brown glass bottles and stored in a refrigerator.
Malachite green and its carbinol and leuco forms are susceptible to
photolysis and should be protected from light. Malachite green is not being
used on salmon hatcheries and no carbon filtration systems have been
installed on salmon hatcheries, therefore no treated hatchery water was
available for analysis.

Task 4.2 Determine sensitivity and reliability of the analytical
method for malachite green in NFH water containing fish
feces, debris, biota, clay turbidity, and metabolites.

Samples of water taken from a pond that contained fish were collected
at the National Fisheries Research Center. The samples were spiked at 25.0,
50.0, and 100 ppb each of leuco malachite green and malachite green.
Fifty-mL aliquots of the spiked samples were enriched on the Baker 10 Diol
columns and the eluates from the columns were analyzed by the HPLC method.

Results and Discussion

I Objective 1: Identify and test existing analytical methods for measuring
malachite green analogs in water. I

I Task 1.1 Survey published literature for reported analytical methods.1

Literature Search

A literature search on methods for the analysis of malachite green and
its major breakdown product, leuco malachite green, indicated the most
applicable method of analysis for the compound was liquid chromatography
with enrichment from water by column chromatographic concentration (see
Appendix A).



Task 1.2 Test each of the analytical approaches found in the
literature, using known concentrations of each of the three
malachite green analogs (vernal, carbinol, and leuco forms)
to determine a statistically based recovery efficiency for
each approach.

Spectrophotometric  Analysis

Spectrophotometric methods for the analysis of malachite green do not
have the specificity needed for identification of the chemical, and leuco
malachite green does not absorb light in the visible region of the spectrum.
Further use of stand-alone spectrophotometric methods was abandoned.

Hish Performance Liauid Chromatoqraohv

HPLC with post-column oxidation and spectrophotometric detection
(618 nm) was investigated for the analysis of malachite green and its
analogs. The chromatic (vernal) and leuco forms of malachite green were
easily separated into discrete peaks by HPLC with all the mobile phases
evaluated. Mobile phases tested included acetonitrile and water and
methanol and water. Both solutions contained 0.05 M TSA as a counter ion
(Abidi 1983). Malachite green degradation was observed when TSA was used in
the mobile phase in the presence of the post-column oxidation chamber.
Subsequent use of the chemical in mobile phases was abandoned. A solvent
system of sodium acetate and acetic acid buffer in water and methanol was
also investigated and proved to be superior for analysis. The system, used
by Roybal et al. (1989) for separation of gentian violet and its leuco form,
also yielded baseline separation of malachite green and its leuco form.

Sample Enrichment

The Baker 10 extraction columns were evaluated visually for retention
of malachite green.
in a narrow band.

Columns with diol solid phase retained malachite green
The entire band was eluted from the column with 2.0 mL of

0.05 M TSA in methanol. Unlike mobile phases in which TSA was used, no
decomposition of malachite green was observed in developing chromatograms
when 0.05 M TSA was used only for elution of the diol columns. The Baker 10
Diol column was tested for extraction efficiency using 14C-malachite  green
solutions adjusted to approximately 5,000 dpm. Concentrations ranging from
5 to 500 ppb were tested for sample extraction and recovery efficiency.
Mean recoveries of malachite green ranged from 88.4% at 10 ppb to 107.6% at
5 ppb (Table 1). Approximately 3.5% of the malachite green in all solutions
tested was not retained on the column, but washed through the column and was
recovered in the eff1uent water (Table 1, Appendix B).
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Table 1. Mean percent recovery of 14C-malachite  green and standard
deviation (SD) from Baker 10 Diol columns after passage of 50-mL
volumes of malachite green solutions (5, 10, 50, 100, or 500 ppb)
through the column.

Concentration Percent
malachite activity
green not retained
(ppb) during elution

Percent
activity

recovered from
methanol-TSA eluate

5 3.7 (0.13) 107.6 (5.48)
10 3.2 (0.13) 88.4 (11.1)
50 3.2 (0.14) 98.6 (1.98)

100 3.4 (0.13) 101.2 (2.51)
500 3.6 (0.10) 97.6 (2.74)

Objective 2: Develop an original method that will detect all three forms
of malachite green in distilled water with a detection limit
of 10 ppb or less for each form and 10 ppb or less for
"total malachite green."

Task 2.1 Evaluate High Performance Liquid Chromatographic methods
for the detection  of malachite green forms. Explore various
methods of sample cleanup, extraction, and detectors.

The l0-ppb recovery study used well water spiked with both leuco
malachite green and malachite green. Seven replicate samples gave a mean
total recovery of 77.3% for malachite green plus leuco malachite green with
a standard deviation  of 5.21. The mean recovery of leuco malachite green
was 45.0% with a standard deviation  of 4.25. The mean recovery of malachite
green was 110% with a standard deviation  of 7.59 (Table 2). The individual
recoveries can be seen in Appendix C.

Included in Appendix C are standard curves, representative
chromatograms  of both a sample and a standard, formulas for the calculation
of ppb from ng detected by HPLC, and the individual recoveries of malachite
green residues from water samples spiked with 10 ppb each of malachi
and leuco malachite green.

Over 600 injections have been made on the HPLC system with the
post-column reaction chamber without an apparent change in its abili
convert leuco malachite green to the chromatic form.

te green

9



Table 2. Mean percent recoveries and standard deviations for malachite
green and leuco malachite green from well water spiked at 10 ppb
each of malachite green and leuco malachite green.

Chemical
form

Mean
percent

recovered
Standard
deviation

LEUCO 45.0 4.25

MGR 110 7.59

LEUCO 77.3 5.21
t MGR

Task 2.2 Determine limits of recovery and detection for each of
the malachite forms and for "total malachite green."

The minimum detection limit was determined using seven replicate
samples of well water spiked with 25.0 ppb each of leuco malachite green and
malachite green (Appendix D).

The mean percent recovery of leuco malachite green was 48.2% with a
standard deviation of 2.58% and a minimum detection limit of 2.01 ppb. The
mean recovery of malachite green was 78.3% with a standard deviation of
3.62% and a minimum detection limit of 2.83 ppb (Table 3).

Table 3. Mean percent recovery, mean concentration, standard deviation,
variance, and minimum detection limit (MDL) for malachite green
and leuco malachite green.

Mean % Mean Standard Detection*
Chemical recovered conc deviation Variance limits

form (stds) (ppb) (ppb) (ppb) (ppb)

LEUCO 48.2 12.1 0.64 0.42 2.01
(2.58)

MGR 78.3 19.6 0.90 0.82 2.83
(3.62)

*MDL = (3.143) X (standard deviation).
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I Task 2.3 If HPLC methods are not successful, repeat Tasks 2.1 and
2.2 using polarographic approaches.

HPLC appears to be the method of choice for the simultaneous analysis
of the vernal (chromatic) and leuco form of malachite green.

Objective 3: Develop techniques to ensure the sensitivity and reliability
of detection of 10 parts per billion or less in waters of a
variety of water chemistries.

Task 3.1 Develop techniques to concentrate all three forms of
malachite green from water and to extract them from the
filter medium.

Well water samples spiked with 50.0 ppb leuco malachite green were
analyzed in triplicate. The mean recovery for the three samples was 55.7%
with a standard deviation of 2.64 (Table 4). Leuco malachite green
recoveries were low. The lower recovery of leuco malachite green is
possibly due to photolysis or other types of decomposition, and possible
adsorption to glass and plastic surfaces.

Table 4. Mean recovery and standard deviation (STDS) of leuco malachite
green (LEUCO) from well water spiked with 50 ppb of leuco
malachite green.

Leuco

Sample
number

Conc.
recovered
(ppb)

Percent
recovered

Mean %
recovered
(stds)

1 26.4 52.7 55.7
(2.64)

2 28.7 57.5

3 28.5 57.0

Well water samples spiked with 50.0 ppb carbinol were also analyzed in
triplicate (Appendix E). The mean recovery for the carbinol samples was
98.6% with a standard deviation of 2.18 (Table 5).

11



Table 5. Mean recovery and standard deviation (STDS) of malachite green
carbinol from well water spiked with 50 ppb of carbinol.

MGR Carbinol

Conc. Cont.' Mean
Sample recovered recovered Percent
number

recovery
(ppb) (ppb) recovered (stds)

1 57.2 49.1 98.2 98.6

2 59.1
(2.18)

50.7 101

3 56.3 48.4 96.7

*MGR to Carbinol
Conversi'on Factor =

Mol. Wt. of Carbinol (346.48)
= 0.85866

Mol. Wt. of MGR Oxalate (927.02)/2

Carbinol is detected as malachite green because it is converted to the
chromatic form during the diol extraction procedure with p-toluene sulfonic
acid and methanol (Task 3.1). The leuco form is converted to the chromatic
form during the post-column oxidation as shown in Task 3.1.

Task 3.2 Develop means to convert all three chemical forms to a
common form so that the total malachite green present can
be determined by the method(s) developed in objective 2.

Both leuco malachite green and carbinol were converted to the chromatic
form of malachite green to enable HPLC detection at 618 nm. Sample
chromatograms are shown in Appendix E.

Task 3.3 Determine sensitivity and reliability of the analytical
methods for malachite green in waters of pH 6.0, 7.0, and
8.0.

Deionized water samples were buffered to pH 6.0, 7.0, and 9.0 with
1.0 M NaOH and KH,PO .
samples at various Ii

The well water samples were pH 8.0. The water
p s were spiked with 50.0 ppb of malachite green and

leuco malachite green and analyzed using the HPLC procedure with diol-column
extraction.

Three samples of the deionized water, buffered to pH 6.0, 7.0, or 9.0
were analyzed for malachite green and leuco malachite green. Six samples of

12



pH 8.0 well water were also analyzed for malachite green and leuco malachite
green (Appendix F). The mean recoveries for leuco malachite green at pH
6.0, 7.0, 8.0, and 9.0 were 61.2%, 50.1%, 48.3%, and 39.1%, respectively.
The mean recoveries for malachite green at pH 6.0, 7.0, 8.0, and 9.0 were
98.3%, 91.7%, 98.3%, and 99.3%, respectively (Table 6). Malachite green
recovery did not appear to be affected by pH in this study. However, the
recovery of leuco malachite green ranged from 39.1% at pH 9 to 61.2% at pH 6
(Fig. 2). The pH of water samples should be adjusted to pH 6 before
extraction in order to obtain the optimum recovery of leuco malachite green.

Table 6. Mean percent recoveries and standard deviations (STDS) of
malachite green and leuco malachite green from waters of various
pHs.

Mean percent recovery

Chemical PH 6
form  (stds)

PH 7
(stds)

PH 8
(stds)

PH 9
(stds)

LEUCO 61.2 50.1 48.3 39.1
(2.89) (2.72) (7.86) (0.90)

MGR 98.3 91.7 98.3 99.3
(2.87) (5.64) (5.59) (1.98)

LEUCO 79.7 70.9 73.3 69.2
t MGR (2.10) (4.06) (6.51) (0.54)

f loo8 7s
2
ii
i!

so

z
2s

0

f

m lauco-malachite green
0 malach1t.e green

L9
PH

Figure 2. Mean percent recoveries and standard deviations of leuco
malachite green and malachite green from waters of various pH
levels (Table 6).
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I Objective 4: Determine if the developed method will accurately detect
levels of malachite green at 10 ppb or less in actual
hatchery effluents that contain feces, debris, biota, and
metabolites.

Task 4.1 Develop protocols for collecting, preserving, and shipping
water samples. Samples shall be collected from treated
hatchery water ahead of the carbon filter and in the
effluent from the filter.

Samples collected from a pond, tank, raceway, or hatchery effluent
should be placed in brown glass bottles and stored in a refrigerator.
Malachite green and its carbinol and leuco forms are susceptible to
photolysis and should be protected from light. Malachite green is not being
used on salmon hatcheries and no carbon filtration systems have been
installed on salmon hatcheries.
analyzed from hatchery water.

Therefore, no samples were collected and
The pond water spiked with malachite green

simulates actual hatchery water.

Task 4.2 Determine sensitivity and reliability of the analytical
method for malachite green in NFH water containing fish
feces, debris, biota, clay turbidity, and metabolites.

Pond water spiked at 25.0, 50.0, and 100 ppb each of leuco malachite
green and malachite green were analyzed using the HPLC method after sample
enrichment on Baker 10 Diol columns. The total recoveries of malachite
green plus leuco malachite green were 77.4%, 74.0%, and 79.8% at spiking
concentrations of 25.0, 50.0, and 100 ppb, respectively. Mean recoveries of
leuco malachite green at 25.0, 50.0, and 100 ppb were 58.5%, 50.8%, and
62.5%, respectively. Mean recoveries of malachite green at 25.0, 50.0, and
100 ppb were 96.23, 93.0%, and 97.0%, respectively (Table 7). The
concentration of the spike had little influence on the recovery of the
malachite green residues in pond water.
were noted from the pond water samples.

No interferences in the analysis

are shown in Appendix G.
Chromatograms of pond water samples

Summary

Well water spiked with 10.0 ppb each of malachite green and leuco
malachite green followed by HPLC analysis with sample enrichment using the
Baker 10 Diol column gave an average extraction and recovery of 110% and
45.0%, respectively. The total recovery of malachite green plus leuco
malachite green averaged 77.3%. The lower recovery of leuco malachite green
is possibly due to photolysis or other types of decomposition, and possible
adsorption to glass and plastic surfaces. Well water spiked with 50.0 ppb
of leuco malachite green gave an average recovery 55.7%.

14



Table 7. Mean percent recoveries and standard deviations (STDS) o f
malachite green residues from pond water spiked at concentrations
of 25.0, 50.0, and 100 ppb each of leuco malachite green (LEUCO)
and malachite green (MGR).

Mean percent recovered at:

Chemical
form 25 ppb*

50 wb 100 ppb
(stds) (stds)

LEUCO 58.5 50.8 62.5
(4.67) (0.89)

MGR 96.2 93.0 97.0
(3.52) (2.30)

LEUCO 77.4 74.0 79.8
t MGR (3.78) (0.85)

* Only two samples were analyzed at the 25-ppb level and no standard
deviation was calculated.

The acidic conditions of the extraction and analysis convert any
carbinol form of malachite green to the chromatic form and it is then
detected as malachite green. Water samples spiked with 50.0 ppb of
malachite green carbinol gave an average recovery of 98.6%.

The method minimum detection concentration was determined by analyzing
seven replicate samples of water spiked with 25.0 ppb each of malachite
green and leuco malachite green. The minimum detection level was 2.83 ppb
for malachite green and 2.01 ppb for leuco malachite green.

The effect of pH on the recovery of malachite green and leuco malachite
green was investigated by analyzing samples of water buffered to various
pHs. Three samples of the deionized water buffered to pH 6.0, 7.0, and 9.0
were spiked with 50.0 ppb of leuco malachite green and malachite green. Six
samples of pH 8.0 well water were also spiked with 50.0 ppb of malachite
green and leuco malachite green.
malachite green.

The samples were analyzed for residues of
The mean recovery of leuco malachite green at pH 6.0, 7.0,

8.0, and 9.0 were 61.2%, 50.1%, 48.3%, and 39.1%, respectively. The mean
recovery of malachite green at pH 6.0, 7.0, 8.0, and 9.0 were 98.33, 91.7%,
98.3%, and 99.3%, respectively. This indicates that the method is most
effective on water samples of pH 6.
to be affected by pH in this study.

Malachite green recovery did not appear
However, the recovery of leuco

malachite green ranged from 39.1% at pH 9 to 61.2% at pH 6. The pH of water
samples should be adjusted to pH 6 before extraction in order to obtain the
optimum recovery of leuco malachite green.
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Water from a pond which contained fish at the National Fisheries
Research Center was spiked with 25.0, 50.0, and 100 ppb each of malachite
green and leuco malachite green. Mean recoveries of leuco malachite green
at 25.0, 50.0, and 100 ppb were 58.5%, 50.8%, and 62.5%, respectively. Mean
recoveries of malachite green at 25.0, 50.0, and 100 ppb were 96.23, 93.0%,
and 97.0%, respectively. The total recoveries of malachite green plus leuco
malachite green were 77.43, 74.0%, and 79.8% at spiking concentrations of
25.0, 50.0, and 100 ppb, respectively. The concentration of the spike had
little influence on the recovery of the malachite green residues in pond
water. No interferences in the analysis were noted from the pond water
samples.

The HPLC method of analysis with residue enrichment on a Baker 10 Diol
column is capable of detecting residues of malachite green at concentrations
of less than 10 ppb. The method requires residue enrichment followed by
HPLC for separation of the leuco and chromatic forms and detection of the
residues with a spectrophotometric detector at 618 nm. The detection at
618 nm gives the advantage of high sensitivity for this dye and increased
specificity for the chemical in this region of the spectrum.

A single HPLC pump, injector, C,, column, post-column oxidizer,
variable wavelength detector, and a recorder or data system make up the
instrumentation needed for the analysis. The fabrication of the post-column
oxidation reactor requires no special equipment.

Conclusions

The HPLC equipment needed for the method includes as follows: a single
HPLC pump, injector, C,, column, post-column oxidizer, variable wavelength
detector, and a recorder or data system. The fabrication of the post-column
oxidation reactor, which is not commercially available, requires no special
equipment.

The method is simple and rapid. Extraction of the residues of
malachite green from water on a Baker 10 Diol column and subsequent elution
of the residues from the column in a small volume of 0.05 M p-toluene
sulfonic acid takes approximately 20 minutes. HPLC analysis, after
standards have been run, takes about 17 minutes per sample.

The method shows good reproducibility and will detect residues of
malachite green present in water in the form of the parent chemical and in
its leuco or carbinol forms. The method is capable of determining residues
of malachite green at concentrations of less than 10 ppb in water. The
recovery of leuco malachite green is low but the reproducibility and high
sensitivity of the method for this form of the chemical allow its detection
at very low concentrations.
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Sunmary of Expenditures
Billed to BPA as of March 21, 1991

Denver Finance Center Overhead . . . . . . . . . . . . . .  $ 24,099.98

Equipment, HPLC . . . . . . . . . . . . . . . . . . . . . .  34,863.23

Services and Supplies . . . . . . . . . . . . . . . . . .  17,319.00

Travel . . . . . . . . . . . . . . . . . . . . . . . . . .  723.00

National Fisheries Research Center Overhead . . . . . . . .  2,247.87

Salaries . . . . . . . . . . . . . . . . . . . . . . . . .  81.407.67

Cumulative Invoiced Expenditures to Date . . . . . . . . . $160,660.00
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14C-Malachite  Green Extraction From Water - STANDARD SOLUTION SAMPLES

USER#:  0 6  DATE:  FEB  02 1989 S t u d y  N & r . . . . . . . . . . . . . . .  MCR8901

ID: MCR-TLC TIME:  15:06 P r o o f e d  b y . . . . . . . . . . . . . . . . .  JM 2/21/89

B S F  v e r s i o n :  2  DATE: FEB 06 1989 L a b  n o t e b o o k  # and p a g e s . . .  P a g e s  5 - 1 1

Instrument t y p e :  LS5801 T I M E :  11:16

F i l e n a m e :  A:\14C-MCR\UATEXGPl.wkl

F i l e  i n f o r m a t i o n : lCC-Malachite  Green Extract ion From Water--Group  1

E x t r a c t e d  f r o m  A:\UNO6-OOl.BSF

SAMPLE DPM

ID CHANNEL 1 DPM/Zml  - B K G

MEAN DPM/Zml

(SD) DF'tV5Oml

0.Spf-m S t d S o l n 1 2 0 6 1 . 9 9 2 0 1 0 . 9 2

0.5m S t d Solnn 2 2 0 7 1 . 6 4  2 0 2 0 . 5 6

0.5ppmn S t d S o l n 3 2 0 1 4 . 4 2 1 9 6 3 . 3 4

0.5ppmn S t d Soln 4 2 0 6 8 . 9 8 2 0 1 7 . 9 0

0.5ppmn S t d Solnn 5 2 0 7 3 . 0 3  2 0 2 1 . 9 5 2 0 0 6 . 9 3

2 4 . 7 4

5 0 1 7 3 . 3 3

0.1~ S t d Solnn 1 1851.15 1 8 0 0 . 0 7

0.1~ S t d Solnn 2 1 9 7 7 . 2 9  1926.21

O.lppm S t d Solnn 3 1 9 1 7 . 4 3  1 8 6 6 . 3 5

O.lppn S t d Solnn 4 1 9 8 5 . 0 0  1 9 3 3 . 9 2

O.lppn S t d Solnn 5 1 9 9 2 . 5 0  1 9 4 1 . 4 3 1 8 9 3 . 6 0

6 0 . 1 4

0.05ppmn S t d Solnn 1 1 9 3 7 . 6 9  1886.61

0.05ppmn S t d Soln 2 1 9 7 4 . 3 6 1 9 2 3 . 2 8

0.05ppmn S t d Solnn 3 1 9 9 2 . 3 3  1941.25

0.05ppmm S t d Solnn 4 2oCO.50 1 9 8 9 . 4 2

0.05ppmn S t d Solnn 5 2 0 3 2 . 2 6  1 9 8 1 . 1 9

4 7 3 3 9 . 9 3

1 9 4 4 . 3 5 48608.n

4 2 . 3 6
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14C-Malachite  Green Extract ion From Water  - 0 .5  ppm WASH SAMPLES

USER#:  0 6  DATE: FEB 02 1989 S t u d y  N & r . . . . . . . . . . . . . . .  MGR8901

ID: HGR-TLC T I M E :  15:06 P r o o f e d  b y . . . . . . . . . . . . . . . . .  JH 2/21/89

B S F  v e r s i o n :  2  DATE: FEB 06 1989 Lab notebook # and pages. . .  Pages 5-11

lnstrument t y p e :  LS5801 T I M E :  11:16

F i l e n a m e :  A:\l4C-MGR\UATEXGPl.ukl

F i l e  i n f o m m t i o n : 14C-Malachite  G r e e n  E x t r a c t i o n  From Uater--Groq  1

E x t r a c t e d  f r o m  A:\UNO6-OOl.BSF

SAMPLE DPM

ID CHANNEL 1

TOTAL DPH X OF APPLIED AVG X OF

DPM - BKG I N  UASH DPM APPLIED DPM

(SD)

Rdl  0.5ppm  U a s h l  3 7 7 . 6 9  3 2 7 . 3 3

Rudl  0.5~ Uash2 3 8 3 . 3 8  3 3 3 . 0 2

Rdl  0.5ppm Uash3 3 9 4 . 1 6  3 4 3 . 8 0

Run#l  0.5~ Uash4 3 9 1 . 4 3  3 4 1 . 0 8

Run#l  0.5ppn  Uash5 4 1 3 . 3 3  3 6 2 . 9 8

R&2 0.5~ U a s h l  4 1 8 . 9 2  3 6 8 . 5 6

Rud2  0.5ppn  Uash2 4 0 3 . 1 5  3 5 2 . 7 9

Run#2 0.5~ Uash3 4 1 9 . 5 0  3 6 9 . 1 4

Rud2  0.5ppn  Uash4 4 1 7 . 9 4  3 6 7 . 5 9

Rd2 0.5ppn  Uash5 3 9 8 . 2 0  3 4 7 . 8 4

Rm#3  0.5ppm U a s h l  4 3 3 . 2 5  3 8 2 . 8 9

RunKJ 0.5ppn  Uash2 4 2 5 . 1 0  3 7 4 . 7 5

RvrWS O.Sppa Wash3 4 1 7 . 0 9  3 6 6 . 7 3

Rvr#J  0.5~ Uash4 4 2 5 . 7 6  3 7 5 . 4 1
RunAn  0.5ppm Uash5 3 6 7 . 5 1  3 1 7 . 1 5

Rm#4  0.5ppm Uashl  4 2 2 . 8 6  3 7 2 . 5 1

Rud’4  0.5~ Uash2 4 0 6 . 8 6  3 5 6 . 5 1

Run&  0.5~ Uash3 4 1 8 . 6 2  3 6 8 . 2 6

Rd 0.5ppn  Uash4 4 0 6 . 8 3  3 5 6 . 4 8

Run#4  0.5ppn  Uash5 3 7 0 . 5 0  3 2 0 . 1 4

Run#5  0.5ppn  U a s h l  4 1 8 . 0 2  3 6 7 . 6 6

RunlrS  0.5ppm  Uash2 4 1 8 . 8 1  3 6 8 . 4 6

Rud5  0.5~ Uash3 4 1 7 . 5 6  3 6 7 . 2 0

Rud5  0.5~ Uash4 4 1 9 . 6 7  3 6 9 . 3 2
Rud5  0.5ppn  Uash5 3 8 4 . 3 6  3 3 4 . 0 1

3 . 6 8

1 7 0 8 . 2 2  3 . 4 0

1 8 0 5 . 9 3

1 8 1 6 . 9 4  3 . 6 2

17Zl.90 3 . 5 4

1 8 0 6 . 6 5  3 . 6 0
---_-_-____----_________________________----------------------------------------------------------

3 . 5 5

0 . 0 9

23



14C-Malachite  Green Extraction From Uater - 0.5 ppm FLUSH SAMPLES

USER#:  0 6 DATE: FEB 02 1989 S t u d y  Ntir...............  MGR8901
ID: MGR-TLC T I M E :  15:06 P r o o f e d  b y . . . . . . . . . . . . . . . . .  JM 2/21/89
B S F  v e r s i o n :  2 DATE: FEB 06 1989 Lab notebook # and pages. . .  Pages 5-11
lnstrunent t y p e :  LS58Dl T I M E :  11:16

F i l e n a m e :  A:\l4C-MGR\UATEXGPl.ukl

F i l e  i n f o r m a t i o n : 14C-Malachite  G r e e n  E x t r a c t i o n  From Uater--Grog  1
E x t r a c t e d  from A:\UNO6-OOl.BSF

SAMPLE

ID

DP(I MEAN TOTAL DPM % OF APPLIED AVG % OF

CHANNEL 1  DPM/SOul  - BKG DPM/SOul  - BKG IN FLUSH DPM APPLIED DPM

(=I (SD)

Rut-#1 0.5~ F l u s h 1 1 2 3 8 . 9 3
Run#l  O.Sppm  F l u s h 2 1 2 4 4 . 4 6
Run#l  0.5ppn  F l u s h 3 1 2 7 9 . 1 0

Rud2  0.5ppn  F l u s h 1 1 3 4 1 . 2 0 1259.75

Rti2 0.5ppn  F l u s h 2 1 3 4 8 . 3 0 1266.85

Run#2  0.5ppn  Flush3 1345.34 1 2 6 3 . 8 9

.RunK5  0.5ppn  Flush1 1 3 2 9 . 5 6 1248.11
Rud3  0.5ppm F l u s h 2 1 3 0 4 . 8 4 1 2 2 3 . 3 9

Run#3  0.5ppn  F l u s h 3 1 2 8 8 . 8 6 1207.41

RuM4 0.5ppn  Flush1 1 2 8 0 . 6 3 1 1 9 9 . 1 8

Rud4  0.5ppn  F l u s h 2 1 2 7 1 . 1 0 1189.65
Rud4  0.5~ Flush3 1 3 2 8 . 2 2 1 2 4 6 . 7 8

Rud5  0.5~ F l u s h 1 1 2 8 2 . 3 6
Rti 0.5~ F l u s h 2 1315.34
Rwd5  0.5ppn  FLush3 1378.54

1 1 5 7 . 4 8

1163.01

1197.65 1 1 7 2 . 7 2 4 6 9 0 8 . 6 5 9 3 . 4 9

2 1 . 7 7

1 2 6 3 . 4 9 5 0 5 3 9 . 7 8

3 . 5 6

1 0 0 . 7 3

1 2 2 6 . 3 0 4 9 0 5 2 . 1 5

2 0 . 5 0

1 2 1 1 . 8 7 4 8 4 7 4 . 8 6

3 0 . 6 0

9 7 . 7 7

9 6 . 6 1

1200.91

1 2 3 3 . 8 9

1297.09 1243-W 4 9 7 5 8 . 4 9 99.17

48Al3
-----------------------------------------------------------------------------.---------------.------------

9 7 . 5 6

2 . 7 4
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14C-Malachite  Green Extract ion From Uater  - 0.05 ppn UASH SAMPLES

USER#:  06 DATE: FEB 02 1989 Study Ntir...............  MGR8901

ID: MGR-TLC T I M E :  15:06 P r o o f e d  b y . . . . . . . . . . . . . . . . .  JM 2/21/89

B S F  v e r s i o n :  2  DATE: FEB 06 1989 Lab notebook # and pages. . .  Pages 5-11

Instrwnt  t y p e :  LS5801 T I M E :  11:16

F i l e n a m e :  A:\14C-MGR\UATEXGPl.ukl

F i l e  i n f o m t i o n : 14C-Malachite  Green Extract ion From Uater - -Group 1

E x t r a c t e d  f r o m  A:\UN06-OOl.BSF

SAMPLE

ID

DpIl

CHANNEL 1

TOTAL DPM X OF APPLIED AVG X OF

DPM - BKG I N  UASH DPM APPLIED DPM

(SD)

Rudl 0.05ppn  U a s h l  3 8 3 . 8 4  3 3 3 . 4 8

Rudl O.OSppn  Uash2 386.50 3 3 4 . 1 4

Rudl  0.05ppn  U a s h 3  4 0 5 . 1 6  3 5 4 . 8 1

Rudl  0.05ppn  U a s h 4  3 8 2 . 3 3  3 3 1 . 9 7

Rudl  0.05ppnn Uash5 3 2 6 . 3 4  2 7 5 . 9 8  1 6 3 0 . 3 9  3 . 3 5

Run#2  0.05ppn  U a s h l  4 0 7 . 6 4  3 5 7 . 2 9

Rud2  0.05ppn  Uash2 4 0 0 . 8 4  3 5 0 . 4 8

Rud2  0.05ppm Wash3 4 0 8 . 0 6  3 5 7 . 7 1

Rud2  0.05ppm Uash4 4 2 2 . 7 6  3 7 2 . 4 1

Run#2  0.05pp1  Uash5 3 5 6 . 3 1  3 0 5 . 9 5  1 7 4 3 . 8 4  3 . 5 9

Run#3  O.OSppn  U a s h l  4 0 4 . 2 8  3 5 3 . 9 3

Rm#3  O.OSppm  Uash2 4 1 1 . 8 7  3 6 1 . 5 2

Rd O.OSppn  Uash3 4 0 4 . 7 6  3 5 4 . 4 1

RmS3  0.05ppn  Uash4 4 0 3 . 1 0  3 5 2 . 7 4

Runfir  0.05ppn  Uash5 3 9 5 . 7 0  3 4 5 . 3 5  1 7 6 7 . 9 5  3 . 6 4

Rut-d4 0.05ppm  U a s h l  4 1 7 . 5 8  3 6 7 . 2 3

Run&  0.05ppn  Uash2 4 1 9 . 5 4  3 6 9 . 1 9

Rud4  0.05ppn  Uash3 4 0 2 . 8 8  3 5 2 . 5 3

Rd 0.05ppn  Uash4 4 5 2 . 1 8  4 0 1 . 8 3
Run&  0.05pp  Uash5 3 5 8 . 4 1  3 0 8 . 0 6  1 7 9 8 . 8 3  3 . 7 0

Rm#5  D.05ppn  Wash1 4 5 5 . 9 2  4 0 5 . 5 7
RunlW 0.05~  Uash2 4 6 2 . 3 3  4 1 1 . 9 8

RurdtS  O.OSppn  Uesh3 4 5 2 . 1 3  4 0 1 . 7 7

Rut#  O.OSppn  Wash4 4 4 2 . 2 3  3 9 1 . 8 7
Rm#5  O.DSppn  Uash5 4 2 5 . 1 2  3 7 4 . 7 7  1 9 8 5 . 9 6 4.09

_-__-_-__________-______________________----------------------------------------------------------
3 . 6 7

0 . 2 7
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14C-Malachite  Green Extraction From Water - 0.05 ppm FLUSH SAMPLES

USERIY:  0 6 DATE: FEB 02 1989 S t u d y  N u d e r . . . . . . . . . . . . . . .  M G R 8 9 0 1

ID: MGR-TLC T I M E :  15:06 P r o o f e d  b y . . . . . . . . . . . . . . . . .  JM 2/21/89

B S F  v e r s i o n :  2 DATE: FEB 06 1989 Lab notebook # and pages. . .  Pages 5-11

Instrment  t y p e :  LS5801 T I M E :  11:16

F i l e n a m e :  A:\14C-MGR\UATEXGPl.wkl

F i l e  i n f o r m a t i o n : 14C-Malachite  Green Extract ion From Uater--Cm+  1
E x t r a c t e d  f r o m  A:\UNO6-OOl.BSF

SAMPLE DPM MEAN TOTAL DPH X OF APPLIED AVG X OF

ID CHANNEL 1 OPM/50ul  - BKG DPM/50uI  - BKG IN FLUSH DPM APPLIED DPH

(SOI (SD)

Rvr#l  0.05ppm Flush1  1 2 1 8 . 6 0 1137.15

Run#l  O.O5#m F l u s h 2  1 2 2 2 . 7 1 1 1 4 1 . 2 6
Run#l  O.OSppn  F l u s h 3  1 2 0 4 . 2 5 1 1 2 2 . 8 0

Run#2 O.OSppn  F l u s h 1  1 3 0 2 . 8 2 1 2 2 1 . 3 7
Rud2  O.OSppn  F l u s h 2  1 3 1 0 . 1 8 1 2 2 8 . 7 3
Rm#t 0.05ppn  F l u s h 3  1 2 7 8 . 6 5 1 1 9 7 . 2 0

RurrYJ  0.05p~m  F l u s h 1  1 2 4 4 . 4 6 1163.01
Rud3  0.051q.m  F l u s h 2  1 2 2 9 . 4 8 1 1 4 8 . 0 3
RunlYJ  O.OSppn  F l u s h 3  1 2 2 8 . 9 9 1147.54

Rud4 O.OSppn  Flush1  1 1 8 3 . 6 5 1 1 0 2 . 2 0

Rm#4  O.OSppn  F l u s h 2  1 2 8 5 . 5 6 1204.11
Rd O.OSppn  F l u s h 3  1 1 9 0 . 5 8 1109.13

Rm#5  0.05ppn  F l u s h 1  1 1 0 6 . 6 4 1 0 2 5 . 1 9
Run#5  O.OSppn  F l u s h 2  1 1 9 5 . 6 8 l l 1 4 . 2 3
Rm#5  O.OSppm  Flush3  1 0 4 8 . 4 1 9 6 6 . 9 6

1133.74

9 . 6 9

1 2 1 5 . 7 7

1 6 . 5 0

1 1 5 2 . 8 6

8 . 7 9

1 1 3 8 . 4 8

5 6 . 9 4

1 0 3 5 . 4 6

7 4 . 1 7

4 5 3 4 9 . 5 3 9 3 . 2 9

48630.81 1 0 0 . 0 5

46114.51 9 4 . 8 7

4 5 5 3 9 . 2 2 9 3 . 6 9

4 1 4 1 8 . 5 4 8 5 . 2 1

----_----__----_________________________------------------------------.-.-.-.---..---------.--------------
9 3 . 4 2

5 . 3 3
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14C-Malachite  Green Extraction Frcun  Uater - 0.1 ppm WASH SAMPLES

USERI:  0 6 DATE: FEB 02 1989 S t u d y  N u d e r . . . . . . . . . . . . . . .  MGR89Dl

IO: MGR-TLC T I M E :  15:06 P r o o f e d  b y . . . . . . . . . . . . . . . . .  J M  2/21/89

B S F  v e r s i o n :  2 DATE: FEB 06 1989 Lab notebook # and pages. . .  Pages 5-11

Instrunent t y p e :  LS5801 T I M E :  11:16

F i l e n a m e :  A:\l4C-MGR\UATEXGPl.ukl

F i l e  inform&ion: 14C-Malachite  Green Extract ion Frun  Water - -Group 1

E x t r a c t e d  f r o m  A:\UNO6-OOl.BSF

SAMPLE

ID

DPM

CHANNEL 1 DPM - BKG

TOTAL OPM X OF APPLIED AVG X OF

I N  UASH DPC( APPLIED DF'M

<SD)

Run#l  0.1~ U a s h l 3 6 4 . 7 9 314.44
Run#l  0.1~ Uash2 3 7 5 . 7 0 325.35
Rdl O.lppn  U a s h 3 3 7 1 . 0 2 320.67
Run#l  O.lppn  UasM 3 8 2 . 0 3 3 3 1 . 6 8

Run#l  0.1~ Uash5 3 3 2 . 3 0 2 8 1 . 9 5 1 5 7 4 . 0 9 3.33

Rutd2 0.1~ U a s h l 3 9 1 . 2 7 3 4 0 . 9 1

Run@  O.lppn  Uash2 3 8 5 . 4 3 335.07
Rud2  O.lppn  Uash3 3 7 8 . 1 9 327.84
RuW2 0.1~ Uash4 3 9 1 . 1 3 3 4 0 . 7 8

Rutd2  0.1~ Uash5 3 2 5 . 6 7 275.32 1 6 1 9 . 9 3 3.42

Run#3  0.1~ Wash1 3 5 4 . 4 0 304.05
RI&~  O.lppn  Uash2 3 6 1 . 0 8 3 1 0 . 7 2

Rud3 O.lppn  Uash3 3 5 8 . 5 6 308.21
RurrYJ  O.lppn  Uash4 3 7 0 . 0 3 319.68
Rud3  0.1~ Wash5 3 3 4 . 5 2 2 8 4 . 1 7 1 5 2 6 . 8 3 3.23

RmU4  O.lppn  U a s h l 3 8 4 . 8 3 334.47
RunY4 O.lppm Ussh2 3 7 8 . 1 3 327.78
Rd O.lppm Uash3 399.85 349.49
Rud4 0.1~ UashC 395.46 3 4 5 . 1 0

Rut-&  0.1~ Uash5 338.41 2 8 8 . 0 6 1644.91 3.47

Rm#5  0.1~ U a s h l 392.75 342.40
Run#5  0.1~ Uash2 394.04 343.69
Rti 0.1~ Uash3 396.41 346.06
Rud5  O.lpp  Uash4 404.08 353.73
Rti O.lppn  Uash5 348.16 297.81 1 6 8 3 . 6 8 3.56
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14C-Malachite  Green Extraction From Uater - 0.1 ppm FLUSH SAMPLES

USER&  0 6 DATE: FEB 02 1989 Study Number...............  MGR8901
ID: MGR-TLC T I M E :  15:06 P r o o f e d  b y . . . . . . . . . . . . . . . . .  JM  2/21/89

B S F  v e r s i o n :  2 DATE: FEB 06 1989 Lab notebook # and pages. . .  Pages 5-11

Instrwnt  t y p e :  LS5801 T I M E :  11:16

FiIenme:  A:\lGC-MGR\UATEXGPl.ukl

F i l e  i n f o r m a t i o n : 14C-Malachite  Green Extract ion From Uater - -Group 1
E x t r a c t e d  frun A:\UNO6-OOl.BSF

SAMPLE

ID

DPM MEAN TOTAL DPM X OF APPLIED AVG X OF

CHANNEL 1 DPM/liOul  - BKG DPM/50uI  - BKG IN FLUSH DPM APPLIED DPM

(SD) (SD)

Run#l  O.lppm F l u s h 1 1 2 1 9 . 8 2 1 1 3 8 . 3 7

Run#l  O.lppn  F l u s h 2 1 2 3 6 . 0 9 1 1 5 4 . 6 4

Run#l  O.lppm  F l u s h 3 1234.95 1 1 5 3 . 5 0

Rud2 O.lppa  F l u s h 1 1 3 0 3 . 0 2 1 2 2 1 . 5 7

Rud2  O.lppn  F l u s h 2 1 2 8 0 . 7 6 1199.31

Rurd2  O.lppn  F l u s h 3 1 2 8 3 . 7 0 1202.25

Rud3 O.lppn  F l u s h 1 1 3 0 7 . 3 2 1 2 2 5 . 8 7
Rm#3  O.lppm F l u s h 2 1 3 1 4 . 2 3 1 2 3 2 . 7 8

Rm#3  O.lppm  F l u s h 3 1 3 0 5 . 4 9 1 2 2 4 . 0 5

RunrY4  O.lppn  Flush1 1 2 7 8 . 2 9 “%A%

Rd O.lppn  F l u s h 2 1290.15 1 2 0 8 . 7 0

Run#4  O.l~qm  F l u s h 3 1 3 0 2 . 3 7 1 2 2 0 . 9 2

Run#5  O.lppn  F l u s h 1 1229.05 1 1 4 7 . 6 0

Run#fi  O.lppn  F l u s h 2 1 3 0 9 . 9 0 1228.45

Rud5  O.lppm  F l u s h 3 1287.22 1 2 0 5 . 7 7

1 1 4 8 . 8 4

9 . 0 8

1207.71

12.09

1 2 2 7 . 5 7

4 . 6 1

1 2 0 8 . 8 2

1 2 . 0 4

1193.94

4 1 . 7 0

4 5 9 5 3 . 4 6 9 7 . 0 7

4 8 3 0 8 . 5 0 1 0 2 . 0 5

4 9 1 0 2 . 6 5 1 0 3 . 7 2

4 8 3 5 2 . 8 3 1 0 2 . 1 4

4 7 7 5 7 . 6 7 1 0 0 . 8 8

------------_-______-----------------------------------.------------------.---.---.-----------------------
1 0 1 . 1 7

2 . 5 1
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14C Malachite Green Extraction From Water - GROUP 2 EXTRACTION-- ANALYS81s OF STANDARD SOLUTIONS

USER#: 06
ID: MGR-TLC

DATE: FE8 17 1989 Study Number.....
TIME: 07:27 Proofed by.......

. . . . . . . . . . HGR8901

. . . . . . . . . . JM 318189

BSF version: 2 DATE: FE8 22 1989 Lab notebook f and pages... Pages 14-16

Instrwnt  type: LS5801 TIME: 08:24
Filename: A:\14C-MGR\h'ATEXGP2.UKl
File information: 14C-Malachite  Green Extraction From Water--Group 2
Extracted from A:\UN06-003.8SF

SAMPLE POSITION SAMPLE OPH MEAN OPM/2ml
NUMBER NUMBER IO CHANNEL 1 OPM/2ml - BKG (SO) DPM/5Oml

55 44- 1 0.05ppm  Std Soln 1
56 44- 2 O.DSppm  Std Soln 2
57 44- 3 O.DSppm  Std Soln 3
58 44- 4 D.05ppm  Std Soln 4
59 44- 5 0.05ppm  Std Soln 5

60 44- 6 O.Olppm  Std Soln 1 900.90 847.15
61 44- 7 O.Olppm Std Soln 2 905.35 851.60
62 44- 8 O.Olppm  Std Soln 3 907.63 853.88
63 44- 9 O.Olppm  Std Soln 4 910.14 856.39
64 44-10 O.Olppm Std Soln 5 901.80 848.04

65 44-11 O.OD5ppm  Std Soln 1 397.86 344.10
66 44-12 O.ODSppm  Std Soln 2 418.96 365.21
67 60- 1 O.DD5ppm  Std Soln 3 418.64 364.88
68 6D- 2 D.OO5ppm  Std Soln 4 428.67 374.91
69 60- 3 0.005ppm  Std Soln 5 424.41 370.66

4019.47 3965.71
4215.29 4161.53
4267.26 4213.51

4331.74 4277.99

4339.85 4286.09 4180.97 104524.17

130.61

851.41 21285.28

3.89

363.95 9098.81
11.85
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14C Malachite Green Extraction From Water - GROUP 2 EXTRACTION-- ANALYSIS OF 0.05 ppm WASH SAMPLES

USERI: 06 DATE: FE8 17 1989 Study Number............... MGR8901

IO: MGR-TLC TIME: 07:27 Proofed by................. JM 3/8/89

BSF version: 2 DATE: FE8 22 1989 Lab notebook # and pages... Pages 14-16

Instrument type: LS5801 TIME: 08:24
Filename: A:\14C-HGR\WATEXGP2.WKl
File information: 14C-Malachite  Green Extraction From Water--Group 2
Extracted from A:\UN06-003.BSF

SAMPLE POSITION SAMPLE OPH
NUMBER NUMBER ID CHANNEL 1 DPM - BKG

TOTAL DPM X OF APPLIED AVG X OF
IN WASH OPM APPLIEO DPM

(SD)

70 60- 4 Runfl O.OSppm  Wash 1 574.43 525.03
71 60- 5 Runfl O.OSppm  Wash 2 677.75 628.34
72 6D- 6 Runfl O.OSppm  Wash 3 686.95 637.54
73 6D- 7 Runfl O.DSppm  Wash 4 736.38 686.97
74 60- 8 Runfl O.DSppm  Wash 5 701.96 652.55

75 60- 9 Runf2 0.05ppm  Wash 1 956.41 907.00
76 60-10 Runf2 D.OSppm  Wash 2 936.43 887.02
77 60-11 RunfP O.OSppn  Wash 3 572.04 522.63
78 60-12 Runft D.OSppm  Wash 4 542.54 493.13
79 42- 1 Runf2 O.OSppm  Wash 5 544.17 494.76

80 42- 2 Runt3 O.OSppm  Wash 1 778.12 728.71
81 42- 3 Runt3 O.OSppm  Wash 2 733.34 683.93
82 42- 4 Runf3 O.OSppm  Wash 3 764.24 714.83
83 42- 5 Runff O.OSppm  Wash 4 694.22 644.82
84 42- 6 Runf3 O.OSppl  Wash 5 577.56 528.15

85 42- 7 Runt4 O.OSppm  Wash 1 797.58 748.17

86 42- 8 Runt4 O.OSppn  Wash 2 784.87 735.46

87 42- 9 Runt4 O.OSpprn  Wash 3 802.98 753.57

88 42-10 Runfl O.OSppm  Wash 4 804.40 754.99
89 42-11 Runt4 O.OSppm  Wash 5 572.02 522.62

90 42-12 RunfS O.OSppm  Wash 1 770.83 721.42
91 40- 1 Runt5 O.OSppm  Wash 2 783.07 733.66
92 40- 2 Runf5 O.DSppm  Wash 3 772.40 722.99
93 40- 3 Runf5 O.OSppm  Wash 4 770.95 721.54
94 40- 4 Runf5 O.OSppm  Wash 5 604.15 554.74

3130.44 2.99

3304.55 3.16

3300.44 3.16

3514.81 3.36

3454.36 3.30
_-___-______________------------------------------------------------------------------------------------- -----

3.20
0.14
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14C Malachi te  Green Extract ion From Water - GROUP  2 EXTRACTlOW--  ANALYSIS OF 0.05 ppn FLUSH SAMPLES

USER& 0 6 DATE: FE8 17 1989 Study Nunber...............  MGR8901

ID: HGR-TLC T I M E :  D7:27 P r o o f e d  b y . . . . . . . . . . . . . . . . .  JM 3/8/89

BSF vers ion:  2 DATE: FEB 22 1989 Lab notebook t and pages. . .  Pages 14-16

Instrunent  t y p e :  Ls5801 T I M E :  D8:24

Fi lename: A:\14C-MGR\UATEXGP2.W

F i l e  i n f o r m a t i o n : 140Malachite  Green Extract ion From Water--Group  2

E x t r a c t e d  from A:\UNO6-003.8SF

SAMPLE WSITION

NUMBER NUMBER

SAMPLE

ID

DPM MEAN DPM/lOOul TOTAL DPH  X OF APPLIED AVG X OF

CHANNEL 1 DPM/lDDul  - BKG (SD) IN FLUSH DPH APPLIED DPM

(SD)

1 5 1  22- 1 Rudl  D.DSppm F l u s h  1 5 2 2 3 . 1 5 5 1 3 3 . 4 1

1 5 2  22- 2 Run#l  O.OSppn  F l u s h  2 5 1 1 8 . 1 1 5 0 2 8 . 3 6

1 5 3  22- 3 Run#l  O.OSppn  F l u s h  3 5 1 4 4 . 0 8 5 0 5 4 . 3 3

1 5 4  22- 4 Run#2  O.DSppn  F l u s h  1 5 0 0 3 . 0 6 4 9 1 3 . 3 1

1 5 5  22- 5 Rurd2  O.DSppn  F l u s h  2 4 9 9 4 . 6 1 4 9 0 4 . 8 6
1 5 6  22- 6 Rud2  O.OSppm F l u s h  3 5 3 4 2 . 8 0 5 2 5 3 . 0 5

1 5 7  22- 7 Rud3  D.OSppn  F l u s h  1 5 3 2 1 . 4 8 5 2 3 1 . 7 3
1 5 8  22- 8 RunrYJ  D.DSppm F l u s h  2 5 4 1 2 . 2 2 5 3 2 2 . 4 7

1 5 9  22- 9 RUM  O.OSppn  F l u s h  3 5 2 9 2 . 3 2 5 2 0 2 . 5 8

1 6 0  2 2 - 1 0 Rud4  O.OSppm F l u s h  1 5 2 9 5 . 1 9 5 2 0 5 . 4 4
161 22-11 Run& O.OSppn  F l u s h  2 5 3 5 8 . 7 9 5 2 6 9 . 0 5
1 6 2  2 2 - 1 2 RurYG D.05pp-n  F l u s h  3 5358.01 5 2 6 8 . 2 6

1 6 3  2 2 - 1 3 Run#fi D.DSppm F l u s h  1 4 6 3 3 . 2 4
1 6 4  2 2 - 1 4 Ru#5  O.DSppn  F l u s h  2 5 6 0 9 . 5 8
1 6 5  2 2 - 1 5 Rud5 O.OSppn  F l u s h  3 5 5 6 2 . 5 6

4 5 4 3 . 4 9

5 5 1 9 . 8 3

5 4 7 2 . 8 2

5 0 7 2 . 0 3 101440.66

5 4 . 7 1

5 0 2 3 . 7 4 100474.83

1 9 8 . 6 3

5 2 5 2 . 2 6  105D45.19

6 2 . 5 3

5 2 4 7 . 5 8 104951.67

3 6 . 5 0

5178.71 103574.23

550.62

9 7 . 0 5

9 6 . 1 3

1 0 0 . 5 0

100.41

99.09

------------.--------------------------------------------------------------------------------------------------------
9 8 . 6 3

1 . 9 8
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14C Malachi te  Green Extract ion From Water  - GRoUe  2  EXTRACTION-- ANALYSIS OF 0.01 ppn WASH SAMPLES

USER& 0 6 DATE: FEB 17 1989 S t u d y  Number...............  MGR8901

ID: MGR-TLC T I M E :  D7:27 P r o o f e d  b y . . . . . . . . . . . . . . . . .  JH 3/8/89

B S F  v e r s i o n :  2 DATE: FEB 22 1989 Lab notebook # and peges...  Pages 14-16

I n s t r u m e n t  t y p e :  LS58Dl T I M E :  D8:24

Fi lename: A:\14C-MGR\WATEXGPZ.WKl

F i l e  informetion: 14C-Malachite  Green Extract ion From Water - -Group 2

E x t r a c t e d  f r o m  A:\UND6-D03.BSF

SAMPLE POSITIOU SAMPLE DPM TOTAL DPM  % OF APPLIED AVG X OF

NUMBER NUClBER ID CHANNEL 1  DPH  - BKG IN WASH DPH APPLIED DPH

(SD)

9 5  40. 5

9 6  4D- 6

9 7  4D- 7

9 8  40- 8

W 4D- 9

Run#l  O.Dlppn  Wash 1 178.05 1 2 8 . 6 4
Run#l  O.Olppn  Wash 2 184.71 135.31
Rdl  O.Olppn  Wash 3 1 8 1 . 8 7 1 3 2 . 4 6

RunAll  D.Dlppn  Uash 4 1 8 2 . 2 7 1 3 2 . 8 6

Rut-#1  D.Olppn  Wash  5 1 8 7 . 4 8 1 3 8 . 0 7

100 4 0 - 1 0 RunH2  O.Olppn  Wash 1 1 8 2 . 7 9 1 3 3 . 3 8
1 0 1  40-11 RunW2 O.Dlppn  Wash 2 1 8 7 . 9 3 1 3 8 . 5 3
102 4 0 - 1 2 Rud2  O.Olppn  Uash 3 1 8 2 . 2 8 1 3 2 . 8 8
103 61- 1 Run#Z D.Olppn  Wash  4 1 7 0 . 6 0 1 2 1 . 1 9
104 61- 2 RurrV2  O.Dlppn  Wash 5 1 6 3 . 6 0 1 1 4 . 1 9

1 0 5  61- 3 Rti  O.Olppn  Uash 1 1 9 5 . 4 2 146.01

1 0 6  61- 4 Rud3  O.Olppn Wash 2 1 9 4 . 4 7 1 4 5 . 0 7
107 61- 5 Ru#3 O.Dlppm  Wash 3 1 9 7 . 4 3 1 4 8 . 0 3

1 0 8  61- 6 Rm#3 O.Olpp  Wash  4 2 0 1 . 2 7 1 5 1 . 8 6

1 0 9  61- 7 Run#3  O.Olppn  Wash 5 1 5 8 . 0 4 1 0 8 . 6 4

1 1 0  61- 8

1 1 1  bl-  9

1 1 2  61-10

1 1 3  6 1 - 1 1

1 1 4  6 1 - 1 2

RunYC  O.Dlppn  Wash 1 199.33 1 4 9 . 9 2

Rd D.Olppn  Wash  2 2 0 3 . 2 3 1 5 3 . 8 2
Rwd4  D.Olpn  Wash  3 2 0 2 . 3 8 1 5 2 . 9 7
RmU4  O.Dlppn  Wash 4 1 8 9 . 3 8 1 3 9 . 9 7
Rud4  O.Olppm  Uash 5 1 3 9 . 2 6 8 9 . 8 6

1 1 5  55- 1 Rti D.Olppn  Wash 1 2 0 1 . 3 7 1 5 1 . 9 6
1 1 6  55- 2 RcnfS D.Olppm  Wash 2 199.00 1 4 9 . 5 9

1 1 7  55- 3 Rm#S  O.Olp+xn Wash 3 2 0 6 . 3 6 1 5 6 . 9 5

1 1 8  55- 4 Run#5 O.Olppn Wash 4 1 8 8 . 1 9 1 3 8 . 7 9
1 1 9  55- 5 Rud5  D.Olppm  Wash 5 1 6 4 . 6 3 1 1 5 . 2 2

6 6 7 . 3 4

64D.17

6 9 9 . 6 0

6 8 6 . 5 4

7 1 2 . 5 2

3 . 1 4

3 . 0 1

3 . 2 9

3 . 2 3

3 . 3 5
----------.---_---______________________---------------------------------------------.-..--.--.....--

3 . 2 0

0 . 1 3
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14C M a l a c h i t e  G r e e n  E x t r a c t i o n  From W a t e r  - GROUP 2 EXTRACTIDN--  ANALYSIS OF 0.01 ppn FLUSH SAMPLES

USER#:  0 6 DATE: FEB 17 1989 S t u d y  N & r . . . . . . . . . . . . . . .  MGR8901

I D :  HCR-TLC TIUE: 07:27 P r o o f e d  b y . . . . . . . . . . . . . . . . .  JM  3/B/89

B S F  v e r s i o n :  2 DATE: FEB 22 1989 Lab notebook # and pages. . .  Pages 14-16

Instrunent t y p e :  LS5801 T I M E :  08:24

Fi lename: A:\~~C-WJR\UATEXGP~.!JK~

F i l e  informtion: 14C-Malachite  Green Extract ion From Water - -Group 2

E x t r a c t e d  f r o m  A:\UN&003.BSF

SAMPLE POSITION SAMPLE

NUMBER NUMBER ID

DPU MEAN DPM/lOOul T O T A L  D P H  X O F  A P P L I E D  A V G  X O F

CHANNEL 1 DPM/lOOul  - BKG (SD) IN FLUSH DPR A P P L I E D  DPM

(SD)

1 6 6 2 2 - 1 6 Run#l O.Olppn Flush 1 9 3 9 . 2 1 8 4 9 . 4 6

1 6 7 2 2 - 1 7 Rut-d1 O.Olppn Flush 2 8 9 6 . 3 1 8 0 6 . 5 6

168 2 2 - 1 8 Rudl O.Olppn Flush 3 9 9 5 . 4 5 9 0 5 . 7 0

169 52- 1 R&2 O.Olppn Flush 1 1 0 7 3 . 3 5 9 8 3 . 6 0

170 52- 2 Run#Z O.Dlppn Flush 2 1 1 4 1 . 7 0 1 0 5 1 . 9 5

171 52. 3 Rud2 O.Olppn Flush 3 1163.91 1 0 7 4 . 1 6

172 52. 4 RmU3 O.Olppn Flush 1 1 0 8 0 . 2 0 9 9 0 . 4 5

173 52. 5 Rm#3 O.Olppn Flush 2 1 1 5 9 . 7 7 1 0 7 0 . 0 2

174 52. 6 RvrrYJ O.Olppm Flush 3 1 1 2 5 . 7 3 1 0 3 5 . 9 8

175 52- 7 Rm#4 O.Olppn Flush 1 7 6 4 . 5 4 6 7 4 . 8 0

176 52- 8 Rud4 O.Olppn Flush 2 5 7 2 . 8 7 4 8 3 . 1 3

1 7 7 52. 9 Rm#4 O.Olppm Flush 3 1 2 6 2 . 2 8 1 1 7 2 . 5 3

178 52-10 Rud5 O.Olppn Flush 1 1 0 5 5 . 9 6 9 6 6 . 2 2
179 5 2 - 1 1 Run#5 O.Olppn Flush 2 1178.99 1 0 8 9 . 2 5

180 52.12 Rtn#5 O.Olppn Flush 3 lOU3.75 959.00

8 5 3 . 9 1

4 9 . 7 2

1 0 3 6 . 5 7

4 7 . 2 0

1 0 3 2 . 1 5

3 9 . 9 3

7 7 6 . 8 2

3 5 5 . 8 4

1004.02
7 3 . 2 0

1 7 0 7 8 . 1 3 8 0 . 2 3

2 0 7 3 1 . 4 5 9 7 . 4 0

2 0 6 4 3 . 0 5 9 6 . 9 8

15536.35

20096.45

72.99

94.41

. . . . ..-...............-...................................................-..................-~~.-...........~~---
8 8 . 4 0

1 1 . 1 2
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14C Malachite Green Extraction Fran Water - GROUP 2 EXTRACTION-- ANALYSIS OF 0.005 ppm WASH SAMPLES

USERf: 06 DATE: FE8 17 19 Study Number............... MGR8901
ID: HGR-TLC TIME: 07:27 Proofed by................. JM 3/B/89
BSF version: 2 DATE: FEB 22 19 Lab notebook f and pages... Pages 14-16
Instrument type: LS5801 TIME: 08:24
Filename: A:\14C-MGR\UATEXGPP.bJKl
File information: 14CMalachite Green Extractlon Fran Water--Group 2
Extracted frcm A:\UN06-003.BSF

SAMPLE POSITION SAMPLE DPM TOTAL DPM X OF APPLIED AVG X OF
NUMBER NUMBER ID CHANNEL 1 DPH - BKG IN WASH DPH APPLIED DPM

(SD)

120 55- 6
121 55. 7
122 SS- 8
123 55 9
124 55-10

Runfl O.OOSppm Wash 1 101.48 52.07
Runt1 O.OOSppm Wash 2 116.06 66.65
Runfl O.OOSppn Wash 3 120.67 71.26
Runfl O.OOSppm Wash 4 122.20 72.80
Runfl O.OOSppm Wash 5 111.42 62.01 324.80 3.57

125 55-11 Runt2 O.OOSppm Wash 1 124.00 74.59
126 55-12 RunfE D.DOSppm Wash 2 125.43 76.02
127 46- 1 Runt2 O.OOSppn Wash 3 130.26 80.85
128 46- 2 Runt2 0.005ppm Wash 4 114.91 65.50
129 46- 3 Runf2 O.OOSppm Wash 5 103.26 53.85 350.82 3.86

130 46- 4 Runf3 0.005ppm  Wash 1 120.13 70.73
131 46. 5 Runf3 0.005ppm Wash 2 121.45 72.04
132 46- 6 Runf3 O.OOSppm Wash 3 127.33 77.93
133 46- 7 Runf3 O.OOSppm Wash 4 123.09 73.69
134 46- 8 Runf3 O.OOSppm Wash 5 98.32 48.91 343.29 3.77

135 46- 9 Runf4 O.OOSppm Wash 1 126.14 76.74
136 46-10 Runf4 O.OOSppm Wash 2 121.92 72.51
137 46-11 Runf4 O.OOSppm Yash 3 116.35 66.94
138 46-12 Runf4 O.OOSppn  Wash 4 122.46 73.05
139 6. 1 Runt4 O.OOSppn Wash 5 94.23 44.82 334.06 3.67

140 6. 2 RunfS O.DOSppm Wash 1 119.60 70.19
141 6. 3 RunfS O.OOSppm Wash 2 123.80 74.39
142 6- 4 Runf5 O.OOSppm Wash 3 123.15 73.75
143 6- 5 RunfS 0.005ppm Wash 4 124.55 75.15
144 6- 6 RunfS O.OOSppm Wash 5 108.66 59.25 352.73 3.88

------..-...-----...---.-.-...-.......--..-........-...-....-----....--.......---...-..-.--------.----..
3.75
0.13
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14C Malachi te  Green Extract ion From Water  - GROUP  2  EXTRACTION-- ANALYSIS OF 0.005 ppm FLUSH SAMPLES

USER&  06 DATE: FEB 17 1989 S t u d y  #m&m...............  MGR89Ol

I D :  CIGR-TLC T I M E :  07:27 P r o o f e d  b y . . . . . . . . . . . . . . . . .  JM 3/B/89

B S F  v e r s i o n :  2 DATE: FEB 22 1989 Lab notebook # and pages. . .  Pages 14-16

I n s t r u n e n t  t y p e :  LS5801 TIME:  O8:24

Fi lename: A:\l4C-MGR\UATEXGP2.UKl

F i l e  i n f o r m a t i o n : 14C-Malachite  Green Extract ion From Water--Group  2

E x t r a c t e d  f r o m  A:\UNO6-003.BSF

SAnPLE  WSITIOW SAMPLE

NUMBER NUMBER ID

DPR MEAN DPH/lOOul  TOTAL DPM % OF APPLIE AVG X OF

CHANNEL 1 DPM/lOOul  - BKC (SD) IN FLUSH DPM APPLIED DPM

(SO)

1 8 1  5 2 - 1 3 Rdl  O.OOSppn  F l u s h  1 5 0 8 . 1 0

1 8 2  5 2 - 1 4 Rm#l  O.OOSppn  F l u s h  2 5 4 9 . 9 5

1 8 3  5 2 - 1 5 Run#l  O.OOSppn  F l u s h  3 5 5 5 . 7 2

4 1 8 . 3 5

4 6 0 . 2 0

4 6 5 . 9 8 4 4 8 . 1 8 8 9 6 3 . 5 1 9 8 . 5 1

25.99

1 8 4  5 2 - 1 6 Rud2  O.OOSppn  F lush 1 5 9 3 . 2 7 503.52
1 8 5  5 2 - 1 7 Rd2 O.OOSppn  F l u s h  2 5 8 0 . 8 2 4 9 1 . 0 7

1 8 6  5 2 - 1 8 Rud2  O.OOSppn  F l u s h  3 5 8 6 . 4 5 4 9 6 . 7 1

1 8 7  It- 1 Run#3  O.OOSF~~II  F lush 1 5 7 8 . 2 3 488.48
1 8 8  12. 2 Rud3  O.OOSppn  F l u s h  2 5 5 8 . 6 7 468.92
1 8 9  12. 3 Run#3  O.OOSppn  F l u s h  3 5 9 1 . 3 6 5 0 1 . 6 2

190 12. 4 RunYC  0.005p~ll  F l u s h  1 5 8 3 . 4 9

1 9 1  12.  5 RmH4  O.OOSppm  F l u s h  2 6 0 5 . 5 8

1 9 2  12. 6 Run&  O.OOSppa  F l u s h  3. 6 1 1 . 8 7

493.74
5 1 5 . 8 4

5 2 2 . 1 2 5 1 0 . 5 7  1 0 2 1 1 . 3 6 1 1 2 . 2 3

14.91

1 9 3  12- 7 Rw#5 O.OOSppn  F l u s h  1 6 0 1 . 0 3

1 9 4  12- 8 Run#5  0.005p~m  F l u s h  2 5 9 6 . 2 2

1 %  12- 9 Run#5  O.OOSppn  F l u s h  3 5 8 9 . 3 4

5 1 1 . 2 9

506.47
499.60 505.78 1 0 1 1 5 . 6 9 1 1 1 . 1 8

5.87

4 9 7 . 1 0 9 9 4 1 . 9 8 1 0 9 . 2 7

6 . 2 3

4 8 6 . 3 4 9726.80 1 0 6 . 9 0

1 6 . 4 5

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.........--
1 0 7 . 6 2

5.48
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Appendix C

Analytical Methods for Malachite Green

Project 89-040

Standard curves and chromatograms of malachite green
and leuco malachite green from well water samples spiked with 10 ppb,
description of the calculation of ppb from ng found by HPLC, and the
recovery of malachite green residues from well water samples spiked
with 10 ppb each of malachite green and leuco malachite green.
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Figure C.l. HPLC standard curves for leuco malachite green (A) and
malachite green (B).
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Figure C.2. HPLC analysis and chromatogram for a leuco malachite green and
malachite green IO-ng standard made up in mobile phase.
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Figure C.3. HPLC analysis and chromatogram of a l0-ppb sample extract.
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Table C.l. Example of the calculation to convert HPLC nanograms to parts
per billion.

The 50-mL water samples were concentrated on the Baker 10 Diol column
and eluted from the column with 2.0 mL of 0.05 M p-toluene sulfonic acid in
methanol. A 0.05-mL HPLC injection was made. The concentrations of leuco
malachite green and malachite green were calculated from the ng found by
HPLC using the following formula:

ppb of leuco malachite green =
ng leuco malachite green

(50 mL/2.0 mL)(0.05 mL)

ng malachite green
ppb of malachite green =

(50 mL/2.0 mL)(0.05 mL)
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Table C.2. Recovery of malachite green residues from well water samples
spiked with 10 ppb each of malachite green (MGR) and leuco
malachite green (LEUCO).

Leuco MGR Leuco t MGR

Cont. Cont. Cont.
Sample recovered Percent recovered Percent recovered Percent
number (PPb) recovered (wb) recovered (wb) recovered

1 5.38 53.8 12.1 121 17.5 87.5

2 4.55 45.5 10.9 109 15.5 77.3

3 4.39 43.9 10.7 107 1.5.1 75.3

4 4.30 43.0 11.7 117 16.0 80.2

5 4.01 40.1 10.9 109 14.9 74.6

6 4.49 44.9 9.90 98.7 14.4 71.8

7 4.38 43.8 10.5 105 14.9 74.3
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Appendix D

Analytical Methods for Malachite Green

Project 89-040

HPLC Minimum Detection Limit Raw Data
for Chromatic and Leuco Malachite Green
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Table D.l. Raw data from the method detection limit (MDL) determination for
the HPLC analysis of leuco malachite green (LEUCO) and malachite
green (MGR) with diol-column enrichment according to the EPA
procedure for the determination of the method detection limit.

Leuco MGR Leuco t MGR

Cont. Cont. Cont.
Sample recovered Percent recovered recovered Percent
number

percent
bpb) recovered bpb) recovered bpb) recovered

1 12.1 48.5 20.0 80.1 32.2 64.3

2 13.2 52.6 20.6 82.4 33.8 67.5

3 11.2 44.8 18.3 73.0 29.4 58.9

4 11.8 47.4 18.6 74.5 30.5 60.9

5 11.7 46.8 19.2 76.6 30.9 61.7

6 12.6 50.4 20.2 80.6 32.8 65.5

7 11.8 47.2 20.3 81.0 32.1 64.1
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Appendix E

Analytical Methods for Malachite Green

Project 89-040

Chromatograms of Well Water Samples Spiked
with the Carbinol and Leuco Forms of

Malachite Green
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Figure E.l. HPLC chromatogram and analysis of a well water sample spiked
with 50-ppb malachite green carbinol.

45

gd

$

z

!i

sir’

=s?



$g&‘P-P
I Et;Ec;a;zJr”;;;JEg 2Q- -
;I I
gaiad.add=-=aq, & -
ir E

lw cwfuvuTvtc,1#tron
calarlml  MTh  t.Eua-I  I I 2 klq cl\wu\SvslMlI\

llEllmuRllLe ClUSlNSVSlffE?ll\
UsRl wn uuca-2 a 1 2 *to casmnuaTaWEt90l

IEnm MsRwu c:\6al\svslmm

SmElf 1

TIM
luCcTlw IZtoo:~  tl zLq4

wow I4tlStl4 N Ho IWl

anrlr#t Jab 1. Lllm m4 JUI L. bfm
Comta Strdf  ll6WOl

DIR  ~IlWllCU Of t.EllcI  Iy1o(llE WZEW FW 1Y WER
t&f 0-a
OISt:  RSRW4lM  FllE Ir\~IMEIlI\lS~\LtIICD-2.~
Filr Foldqr: RMWOI-2l

Swlr Sm0lq 111 std Scrlr  Hr. Yirl hJ#Ct

TlW Yaw kwnt haunt Factor Ini nr. Val *
___--_  -------_  _-__--__  ---_-m-m  --w----  _-- -w--m _--_---
unt LEUCO-2 l.oooO4 2 I2 $4 lfra4 filrl

Put Irtntm Cmoonmt Cmcmtrrtim  lorulirrd trrt teat krr  Imomrr  Rrl. Ret  ha lkioht
uwbw  Tiw Mru Y Concmtrqtim Arm Wtiqht  to(c Factor lin tqrcmt  trrcmt
“i... ***.*z*sx  ss**xs.aa...*., .Um*.*.‘s.*.  **,.‘**mI‘N*  ..,,.‘,... ,.....s.m “S.‘.  .*...*a...  ..*.....  .=..a..  .*.a..=

I 4.m Irutaqc sb.oooo lW.000 b.20759 0.01(99  RI 4.5352  0.0000  1OO.Wd  1OO.ooO
12.581  arkbite  qrm

**-.  ..xw,,... ,..,m”**“”  asa...*-” . ..**..m- a‘s,,..* ,*ms.*...  .*m *....-=. “.*==” U*.***  *===**a
rorus sMooo 1oo.eoo 1.20711 O.Olrn loo.ooo LOO.444

Z00’

1
x

3
x

1
i

I

i=e’

::
8
d .

f
?
T-

7 4 s-7 , . ,
1 c: z = : Z s
- c: d ; d ; c:

f * ’ ’ ’i s f c
; ; - ? . 1

: = 2
4 2 A

1 Z 3 2

a’
-;

L
-2

d

r2
Z

-d

-$

z
8

‘&

f
8
+

Figure E.2. HPLC chromatogram and analysis of a well water sample spiked
with 50-ppb leuco malachite green.
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Appendix F

Analytical Methods for Malachite Green

Project 89-040

Recovery of Malachite Green Residues
from Water of Various pHs
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Table F.l. Recoveries of malachite green residues from deionized water
samples buffered to pH 6.0, 7.0, and 9.0 and well water samples
with a pH of 8.0. All samples were spiked with 50.0 ppb of
leuco malachite green (LEUCO) and 50.0 ppb of malachite green
(MGR).

Leuco MGR Leuco t MGR

Cont. Cont. Cont.
Sample recovered Percent recovered Percent recovered

PH number
Percent

W-U recovered (ppb) recovered WW recovered

6 1 31.4 62.8 47.8 95.5 79.2 79.2

2 31.4 62.9 50.6 101 82.1 82.1

3 28.9 .57.9 49.1 98.1 78.0 78.0

7 1 26.4 52.8 47.4 94.8 73.8 73.8

2 25.1 50.2 47.5 95.1 72.6 72.6

3 23.7 47.3 42.6 85.2 66.2 66.2

8 1 28.1 56.3 50.9 102 79.0 79.0

2 26.7 53.3 48.9 97.9 75.6 75.6

3 27.2 54.5 53.5 107 80.7 80.7

4 23.5 47.1 49.1 98.2 72.7 72.7

5 20.9 41.7 46.8 93.7 67.7 67.7

6 18.3 36.6 45.7 91.4 64.0 64.0

9 1 19.9 39.8 48.8 97.7 68.8 68.8

2 19.0 38.1 50.8 102 69.8 69.8

3 19.6 39.2 49.4 98.7 69.0 69.0
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Appendix G

Analytical Methods for Malachite Green

Project 89-040

Chromatogram of malachite green residues from pond water
analyzed by HPLC with diol-column enrichment, recovery of malachite green
residues from pond water samples spiked at 25.0, 50.0, and 100 ppb each of

leuco malachite green and malachite green, and the water chemistry
analysis of NFLX pond water
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Figure G.1. HPLC chromatogram and analysis of pond water sample spiked with
lOO-ppb  leuco malachite green and malachite green.
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Table G.l. Recovery of malachite green residues from pond water spiked at
concentrations of 25.0, 50.0, and 100 ppb each of leuco malachite
green (LEUCO) and malachite green (MGR).

Leuco MGR Leuco t MGR

Spike Cont. Cont. Cont.
Sample cont. Recovered Percent recovered percent recovered Percent
number (ppb) (PPb) recovered (ppb) recovered (PPb) recovered

25.0 14.9 59.6 24.8 99.0 39.7 79.3

25.0 14.4: 57.4 23.3 93.4 37.7 75.4

50.0

50.0

50.0

100

100

100

29.7 59.4 46.7 93.5 76.4 76.4

27.9 55.8 48.1 96.2 76.0 76.0

25.1 50.1 44.6 89.2 69.7 69.7

63.1 63.1 94.5 94.5 158 78.8

61.5 61.5 98.9 98.9 160 80.2

62.9 62.9 97.6 97.6 161 80.3
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Table 6.2. Water chemistry analysis of NFLX pond water.

Water  Chemist ry  Data
f o r  J o h n  A l l e n

3 138 4.49 .0.02
4 7.77 111 138 0 .10 3 . 2 9 B.Bl
4 7 . 8 9 112 8.09

t XE a u t o  dilutxon  1000 ot t h e  a u t o - a n a l y z e r  g a v e  b u m p y  p e a k s
fo r  N i t ra tes  above 2  mg N/L . N i t r a t e  d a t a  i s  only aporoximate.
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